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Macromolecular Changes in Nilotinib Resistant K562 
Cells; an In vitro Study by Fourier Transform 
Infrared Spectroscopy
   w.tc.w.crg 
Nilotinib is a second generation tyrosine kinase inhibitor which is used in both first and sec-
ond line treatment of chronic myeloid leukemia (CML). In the present work, the effects of 
nilotinib resistance on K562 cells were investigated at the molecular level using Fourier 
transform infrared (FT-IR) spectroscopy. Human K562 CML cells were exposed to step-
wise increasing concentrations of nilotinib, and sub-clones of K562 cells resistant to 50 nM 
nilotinib were generated and referred to as K562/NIL-50 cells. Antiproliferative effects of 
nilotinib were determined by XTT cell proliferation assay. Changes in macromolecules in 
parental and resistant cells were studied by FT-IR spectroscopy. Nilotinib resistance caused 
significant changes which indicated increases in the level of glycogen and membrane/lipid 
order. The amount of unsaturated lipids increased in the nilotinib resistant cells indicating 
lipid peroxidation. The total amount of lipids did not change significantly but the relative 
proportion of cholesterol and triglycerides altered considerably. Moreover, the transcriptional 
status decreased but metabolic turn-over increased as revealed by the FT-IR spectra. In 
addition, changes in the proteome and structural changes in both proteins and the nucleus 
were observed in the K562/NIL-50 cells. Protein secondary structural analyses revealed that 
alpha helix structure and random coil structure decreased, however, anti-parallel beta sheet 
structure, beta sheet structure and turns structure increased. These results indicate that the 
FT-IR technique provides a method for analyzing drug resistance related structural changes 
in leukemia and other cancer types.
Key words: Nilotinib; Chronic myeloid leukemia (CML); Tyrosine kinase inhibitor resistance; 
Fourier transform infrared spectroscopy (FT-IR).
Introduction
Nil..inib is .ne .f .he m.s. t.mm.n set.nd rgeneca.i.n .yc.sine kinase inhibi-
..cs used in .he .cea.men. .f thc.nit myel.id leukemia (CML) (1)w CML cesul.s 
fc.m a cetipc.tal .cansl.ta.i.n be. een .he l.nrg acms .f thc.m.s.mes 9 and 22w 
This exthanrge rgeneca.es a BCR-ABL fusi.n rgene .ha. ent.des an .nt.pc..ein 
havinrg t.ns.i.u.ive .yc.sine kinase at.ivi.yw The .nt.pc..ein at.iva.es sirgnal 
.cansdut.i.n pa.h ays, leadinrg .. unt.n.c.lled tell rgc. .h and ceduted ap.p..sis 
(2)w Nil..inib n.. .nly inhibi.s .he kinase at.ivi.y .f .he BCR-ABL pc..ein, bu. 
als. inhibi.s t-KIT and pla.ele.-decived rgc. .h fat..c (PDGFR) (3)w Nil..inib is 
a vecy effet.ive dcurg in .he .cea.men. .f ima.inib (.he fics. rgeneca.ed and applied 
.yc.sine kinase inhibi..c f.c CML) cesis.an. and in..lecan. pa.ien.s (4)w H. evec, 
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cesis.ante .. nil..inib  as ceten.ly .bsecved in CML (5, 6)w 
Suth cesis.ante cemains a sirgnifitan. impedimen. .. suttess-
ful .yc.sine kinase inhibi..c .hecapy in CML .cea.men.w
F.uciec .cansf.cm infcaced spet.c.st.py is a capid, sensi-
.ive and n.ndes.cut.ive me.h.d  hith is  idely used in .he 
analysis .f bi.l.rgital sys.ems in any physital s.a.e, and tan 
be used .. m.ni..c m.letulac thanrges (7, 8)w The me.h.d 
cequices .nly minu.e am.un.s .f sample and all. s analy-
sis .f .he da.a  i.h many diffecen. dirgi.al manipula.i.nsw I. 
is a valuable analy.ital .ethnique f.c simul.ane.us de.et.i.n 
.f thanrges in tellulac t.mp.nen.s suth as lipids, pc..eins, 
tacb.hydca.es and nutleit atids a. .he level .f funt.i.nal 
rgc.upsw The .ethnique quali.a.ively and quan.i.a.ively evalu-
a.es shif.s in peak p.si.i.ns, thanrges in band id.hs and band 
in.ensi.ies .. .b.ain s.cut.ucal and funt.i.nal inf.cma.i.n 
ab.u. .he sys.ems analyzedw In addi.i.n, FTIR spet.c.st.py 
pc.vides inf.cma.i.n ab.u. .he am.un. and themital and 
physital na.uce .f .he rgc.ups in tl.se vitini.y (7-9)w 
An FT-IR spet.cum is a m.letulac finrgecpcin. .f .he s.udied 
.issue .c tells, .hecef.ce .he .ethnique tan be used .. f.ll.  
.he effet.s .f bi.l.rgital diffecen.ia.i.n pc.tessesw Disease pc.-
tesses ace examples .f suth diffecen.ia.i.n pc.tesses ducinrg 
 hith sirgnifitan. me.ab.lit thanrges .ttuc in .he tellw These 
me.ab.lit thanrges cesul. in al.eca.i.ns in tacb.hydca.e, lipid 
and pc..ein pc.files, hente thanrges in .he matc.m.letulac 
t.mp.si.i.n .f .he tells .f in.eces.w In addi.i.n .. i.s use in .he 
themital and f..d indus.cies, FT-IR .ethnique has been devel-
.ped .. be a valuable diargn.s.it ...l .. analyze and de.et. 
vaci.us disease t.ndi.i.ns intludinrg tantec (10, 11)w
In .his s.udy,  e devel.ped nil..inib cesis.an. sublines .f 
BCR-ABL p.si.ive K562 CML tells and examined .he p.ssi-
ble c.les .f matc.m.letules in nil..inib cesis.ante by F.uciec 
Tcansf.cm Infcaced Spet.c.st.py (FT-IR)w F.c .his pucp.se, 
nil..inib cesis.an. K562 tells  ece rgeneca.edw Al.h.urgh 
cesis.ante-dependen. matc.m.letulac thanrges in K562 tells 
argains. diffecen. an.i-tantec dcurgs have been inves.irga.ed 
usinrg FT-IR .ethnique (12, 13), .his is .he fics. bi.themital 
vacia.i.ns be. een sensi.ive and K562/NIL-50 tells  ece 
t.mpacedw 
Materials and Methods 
Cell Lines and Culture Conditions
K562 CML pacen.al tells  ece .b.ained fc.m .he Gecman 
C.llet.i.n .f Mitc..crganisms and Cell Cul.uces (Gecmany)w 
The tells  ece tul.uced in RPMI-1640 rgc. .h medium 
(Bi.l.rgital Indus.cies, Iscael) t.n.aininrg 15% fe.al b.vine 
secum (Bi.l.rgital Indus.cies, Iscael) and 1% penitillin-s.cep-
..mytin (Bi.l.rgital Indus.cies, Iscael) a. 37 8C in 5% CO2w 
The medium as cefceshed evecy 3 daysw The tell suspensi.n 
 as .aken fc.m .issue tul.uce flasks in.. a s.ecile falt.n 
.ube and  as ten.cifurged f.c 10 minu.es a. 1000 cpmw The 
supecna.an.  as cem.ved and .he pelle.  ashed  i.h 
2 millili.ecs .f ph.spha.e buffeced saline (PBS)w The tells 
 ece ceten.cifurged a. 1000 cpm f.c 10 minu.esw The tells 
 ece cesuspended in 15 millili.ecs .f RPMI-1640 medium 
and .cansfecced in.. s.ecile tul.uce flasksw
Generation of Nilotinib Resistant K562 Cells
K562 CML tells  ece exp.sed .. s.ep- ise intceasinrg t.n-
ten.ca.i.ns .f nil..inib, kindly pc.vided by N.vac.is, s.ac.inrg 
 i.h a t.nten.ca.i.n .f 1 nMw Sub-tl.nes .f K562 tells .ha. 
 ece able .. sucvive and rgc.  in .he pcesente .f 50 nM nil.-
.inib  ece rgeneca.ed and cefecced .. as K562/NIL-50 tellsw 
Measurement of Cell Proliferation by XTT Assay
The IC50 value .f nil..inib in K562 and K562/NIL-50 tells 
 ece de.ecmined f.c b..h pacen.al and cesis.an. tells as pce-
vi.usly destcibed (14)w Bef.ce d.inrg all .he expecimen.s,  e 
t.ndut.ed .cypan blue dye extlusi.n assay in .cdec .. make 
i. suce .ha. all .he tells  ece alivew In XTT assay, 2 3 104 
tells/ ell  ece seeded in.. 96- ell pla.es t.n.aininrg 200 µl 
.f .he rgc. .h medium  i.h intceasinrg t.nten.ca.i.ns .f 
nil..inib and intuba.ed a. 37 8C in 5% CO2w F.ll. inrg an 
intuba.i.n peci.d .f 72 h.ucs, .he tells  ece exp.sed .. 
50 µl XTT ceargen. (Bi.l.rgital Indus.cies, Iscael) f.c 4 h.ucsw 
Finally, ceadinrgs ece taccied .u. a. 492 nm in an Elisa ceadec 
(Thecm. Elet.c.n C.cp.ca.i.n Mul.iskan Spet.cum, Finland) 
and .he IC50 value .f nil..inib  as taltula.ed fc.m .he tell 
pc.lifeca.i.n pl..sw 
Sample Preparation for FT-IR Spectroscopy
We used 5 3 106 tells rgc. n in 15 ml RPMI-1640 mediumw 
The tells  ece t.llet.ed, diss.lved in s.ecile dis.illed  a.ec 
and ly.philized in a fceeze dciec (Labt.nt., FceeZ.ne 18 li.ec 
fceeze dcy sys.em) .vecnirgh. .. cem.ve  a.ecw The tell p. -
dec  as mixed  i.h dcied p..assium bc.mide (KBc) (Sirgma-
Aldcith, USA) in a m.c.ac (a. a ca.i. .f 1:100)w The mix.uce 
 as .hen pcessucized .. 100 krg/tm2 (1200 psi) f.c 5 minu.esw 
All .he tell rgc. .h, tell t.llet.i.n and FT-IR expecimen.s 
f.c .he sensi.ive and nil..inib cesis.an. K562 tells  ece pec-
f.cmed .n .he same dayw
FTIR Spectrum Accumulation and Data Processing
The spet.cal analysis  as taccied .u. usinrg a Peckin-Elmec 
spet.c.me.ec equipped  i.h MIR TGS de.et..c (Spet-
.cum 100 Ins.cumen., Peckin Elmec Intw, N.c alk, CT, 
USA)w FTIR spet.ca .f .he samples  ece cet.cded be. een 
4000 and 450 tm21w In.ecfec.rgcams  ece avecarged f.c 20 
stans a. 4 tm21 ces.lu.i.nw The batkrgc.und spet.cum  as 
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au..ma.itally sub.cat.ed fc.m .he spet.ca .f .he samplesw 
Spet.cum 100 s.f. ace (Peckin Elmec)  as used f.c all 
da.a manipula.i.nsw 
Fc.m eath sample, a. leas. .hcee diffecen. stans,  hith rgave 
iden.ital spet.ca,  ece pecf.cmedw These ceplita.es (n 5 10 
f.c .he sensi.ive; n 5 5 f.c .he cesis.an. tells)  ece avecarged 
and .he avecarged spet.ca f.c eath sample  ece .hen used f.c 
fuc.hec da.a manipula.i.n and s.a.is.ital analysisw The spet-
.ca  ece sm...hed .vec 19 p.in.s usinrg .he Savi.sky-G.lay 
alrg.ci.hmw Then, .he spet.ca  ece in.ecat.ively baselined 
fc.m . . acbi.cacily selet.ed p.in.sw Finally, .he spet.ca ece 
n.cmalized in spetifit cergi.ns f.c visual t.mpacis.n .f .he 
nil..inib sensi.ive and cesis.an. samplesw 
F.c .he de.ecmina.i.n .f pc..ein set.ndacy s.cut.ucal thanrges 
.he set.nd deciva.ive spet.ca  ece .b.ained by applyinrg a 
Savi.zky-G.lay alrg.ci.hm i.h five p.in.sw The set.nd deciva-
.ives  ece n.cmalized be. een 1700 and 1600 tm21 and .he 
peak in.ensi.ies ece taltula.edw The peak minima .f .he set.nd 
deciva.ive sirgnals  ece t.nsideced betause .hey t.ccesp.nd .. 
.he peak maxima .f .he .cirginal abs.cp.i.n spet.ca (15)w 
Statistical Analysis: The diffecentes be. een .he nil..inib-
sensi.ive and cesis.an. rgc.ups  ece t.mpaced usinrg .he 
Mann-Whi.ney U Tes.  i.h .he Ma.lab R2010b pc.rgcamw 
The s.a.is.ital cesul.s ace expcessed as means 6 s.andacd 
devia.i.nw p , 0w05  as t.nsideced s.a.is.itally sirgnifitan.w 
Results
Antiproliferative Effects of Nilotinib on K562 and  
K562/NIL-50 Cells
In .cdec .. de.ecmine .he cesis.anty .f K562/NIL-50 tells 
.. nil..inib, K562 and K562/NIL-50 tells  ece exp.sed .. 
intceasinrg t.nten.ca.i.ns .f nil..inib f.c 72 h.ucsw The IC50 
value .f nil..inib  as taltula.ed .. be 42- and 385 nM f.c 
K562 (Firguce 1A) and K562/NIL-50 tells (Firguce 1B)w The 
cesul.s cevealed .ha. K562/NIL-50 tells  ece a. leas. 9-f.ld 
m.ce cesis.an. .. nil..inib hen t.mpaced .. i.s pacen.al sen-
si.ive t.un.ecpac.sw
FT-IR Studies
Sinte .he FTIR spet.c.st.py .ethnique pc.vides useful inf.c-
ma.i.n ab.u. .he s.cut.uce and funt.i.n .f .he matc.m.letu-
lac t.ns.i.uen.s .f bi.l.rgital sys.ems a. .he m.letulac level 
(7-9), .he .ethnique  as used in .he analysis .f .he effet.s .f 
nil..inib cesis.ante .n K562 tells in .uc s.udiesw 
Firguce 2 sh. s .he avecarge FTIR spet.ca .f t.n.c.l K562 
tells in .he 3700-950 tm21 spet.cal cergi.nw Assirgnmen.s .f 
.he maj.c bands in Firguce 2 ace pcesen.ed in Table Iw Betause 
.he FTIR spet.cum .f tantec tells is qui.e t.mplex and t.n-
sis.s .f sevecal bands .cirgina.inrg fc.m .he t.n.cibu.i.n .f dif-
fecen. funt.i.nal rgc.ups bel.nrginrg .. bi.m.letules, suth as 
lipids, pc..eins and nutleit atids, .he spet.ca  ece analyzed 
f.c .he f.ll. inrg cergi.ns: 2840-3700 tm21 f.c .he analysis .f 
pc..eins and lipids, and 1480-1800 tm21 f.c .he analysis .f 
pc..eins and lipids, 940-1480 tm21 f.c .he analysis .f .he fin-
rgecpcin. cergi.nw All .he spet.ca pcesen.ed in .he firguces  ece 
Figure 1: Effet.s .f nil..inib .n rgc. .h .f (A) K562 and (B) K562/NIL-50 
tellsw Cy....xiti.y as de.ecmined by .he XTT tell pc.lifeca.i.n .es. in a 72 h 
tul.ucew The IC50 t.nten.ca.i.n .f Nil..inib as taltula.ed fc.m tell pc.lif-
eca.i.n pl..sw The XTT assays  ece pecf.cmed usinrg .ciplita.e samples in a. 
leas. .hcee independen. expecimen.sw The ecc.c bacs cepcesen. .he s.andacd 
devia.i.ns (p , 0w05)w 
Figure 2: The rgenecal FT-IR spet.cum .f K562 tells in 3700-930 tm21 
cergi.nw
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n.cmalized i.h cespet. .. spetifit selet.ed bands and ace used 
.nly f.c illus.ca.ive pucp.sesw H. evec, in .he measucemen. 
.f .he spet.cal pacame.ecs, eath .cirginal baseline-t.ccet.ed 
spet.cum bel.nrginrg .. .he t.ccesp.ndinrg nil..inib-sensi.ive 
and cesis.an. rgc.ups  as t.nsideced sepaca.elyw
2840-3700 cm21 Region
Firguce 3 sh. s .he avecarge FTIR spet.ca .f .he sensi.ive and 
K562/NIL-50 tells in .he 2840-3700 tm21 spet.cal cergi.nw 
The FTIR spet.cum in .his cergi.n t.nsis.s .f Amide A band 
 hith has t.n.cibu.i.ns fc.m mainly .he N-H s.ce.thinrg .f 
pc..eins i.h a small t.n.cibu.i.n fc.m .he O-H s.ce.thinrg .f 
p.lysatthacides and in.ecm.letulac H b.ndinrg (16); Amide 
B band  hith has t.n.cibu.i.ns fc.m C-N and N-H s.ce.th-
inrg .f pc..eins; .he .lefinit  5CH s.ce.thinrg vibca.i.n band 
l.ta.ed a. 3010 tm21,  hith has t.n.cibu.i.ns fc.m th.les-
.ec.l es.ecs, .he CH3 asymme.cit s.ce.thinrg band l.ta.ed a. 
2959 tm21,  hith has t.n.cibu.i.ns fc.m b..h lipids and 
pc..eins (8); .he CH2 asymme.cit s.ce.thinrg band l.ta.ed a. 
2925 tm21  hith is mainly due .. lipids (18); .he CH3 sym-
me.cit s.ce.thinrg band l.ta.ed a. 2872 tm21  hith mainly 
m.ni..cs pc..ein side thains  i.h s.me t.n.cibu.i.n fc.m 
lipids, tacb.hydca.es and nutleit atids; and CH2 symme.cit 
s.ce.thinrg band l.ta.ed a. 2854 tm21  hith m.ni..cs mainly 
lipids,  i.h small t.n.cibu.i.ns fc.m pc..eins, nutleit atids 
and tacb.hydca.es (17, 18)w 
As seen fc.m Firguce 3, nil..inib cesis.ante induted cemack-
able thanrges in .he band id.h, in.ensi.y and fcequenty value 
.f .he FT-IR bands in .his cergi.nw C.mpacis.ns .f .he band 
in.ensi.ies .f s.me infcaced bands .f nil..inib sensi.ive and 
cesis.an. K562 tells ace sh. n in Firguce 4w In addi.i.n .he 
Figure 3: The FT-IR spet.ca .f nil..inib sensi.ive (s.lid line) and cesis.an. 
(d...ed line) tells in .he 3666-2836 tm21 cergi.n (.he spet.ca ece n.cmalized 
 i.h cespet. .. CH2 asymme.cit m.de,  hith is .bsecved a. 2925 tm21)w
Table I
The rgenecal FTIR band assirgnmen.s .f K562 tellsw 
Band numbec Wave numbecs (tm21) Defini.i.n .f .he spet.cal assirgnmen.
1 3299 Amide A: Mainly N-H s.ce.thinrg .f pc..eins  i.h .he li..le  
 t.n.cibu.i.n fc.m O-H s.ce.thinrg .f p.lysatthacides  
 and in.ecm.letulac b.ndinrgw
2 3063 Amide B: C-N and N-H s.ce.thinrg .f pc..einsw
3 3015 Olefinit 5CH s.ce.thinrg vibca.i.n: unsa.uca.ed lipids,  
 th.les.ecyl es.ecsw
4 2959 CH3 asymme.cit s.ce.thinrg: lipids, pc..ein side thains,  i.h s.me 
 t.n.cibu.i.n fc.m tacb.hydca.es and nutleit atidsw
5 2925 CH2 asymme.cit s.ce.thinrg: mainly lipids, and .he li..le  
 t.n.cibu.i.n fc.m pc..eins, tacb.hydca.es and nutleit atidsw
6 2872 CH3 symme.cit s.ce.thinrg: pc..ein side thains, lipids,  i.h s.me  
 t.n.cibu.i.n fc.m tacb.hydca.es and nutleit atidsw
7 2854 CH2 symme.cit s.ce.thinrg: mainly lipids,  i.h .he li..le  
 t.n.cibu.i.n fc.m pc..eins, nutleit atids and tacb.hydca.esw
8 1743 Es.ec C5O s.ce.thinrg: .cirglytecides and th.les.ec.l es.ecsw
9 1657 Amide I: pc..eins, mainly C5O s.ce.thw
10 1545 Amide II: pc..eins, mainly N-H bend and C-N s.ce.thw
11 1452 CH2 bendinrg: mainly lipids,  i.h .he li..le t.n.cibu.i.n fc.m  
 pc..eins, CH3 asymme.cit bendinrg me.hyl rgc.ups .f pc..einsw
12 1399 COO2 symme.cit s.ce.thinrg: mainly lipids  i.h .he li..le  
 t.n.cibu.i.n fc.m pc..eins; CH3 symme.cit bendinrg: me.hyl  
 rgc.ups .f pc..einsw
13 1239 PO22 asymme.cit s.ce.thinrg, fully hydc.rgen b.nded: mainly  
 nutleit atids  i.h .he li..le t.n.cibu.i.n fc.m ph.sph.lipidsw
14 1086 PO22 symme.cit s.ce.thinrg: nutleit atids and ph.sph.lipids;  
 C-O s.ce.th rglyt.rgenw
15  970 C-N1-C s.ce.thinrg: nutleit atidsw
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in.ensi.y ca.i.s ace rgiven in Table IIw As tan be seen fc.m 
Firguce 3 .hece  as a sirgnifitan. cedut.i.n in .he in.ensi.y .f 
amide A and amide B bands,  hith ace l.ta.ed a. 3299 tm21 
and 3063 tm21 cespet.ively,  hith t.n.ains s.c.nrg abs.cp-
.i.ns acisinrg mainly fc.m N-H s.ce.thinrg m.de .f pc..eins 
 i.h .he t.n.cibu.i.n .f .he O-H s.ce.thinrg m.de .f p.lysat-
thacides (16, 18-22) and in.ecm.letulac H b.ndinrg (23) .f 
K562 tellsw When n.cmalized i.h .he in.ensi.y .f .he Amide 
I band, .he same cedut.i.n  as .bsecved f.c nil..inib cesis-
.an. tells as seen in Firguce 4w The in.ensi.y ca.i. .f Amide 
A and Amide I detcease by 5w21% in K562/NIL-50 tells 
(p 5 0w0553)w In addi.i.n, .he fcequenty .f .he Amid A band 
shif.ed fc.m 3299w97 1/2 0w311 .. 3298w34 1/2 1w765 tm21 
in K562/NIL-50 tells (p 5 0w0013)w H. evec, .he fcequenty 
.f .he Amide B band shif.ed fc.m 3063w51 1/2 0w56 .. 
3064w38 1/2 2w98 tm21 in nil..inib cesis.an. K562 tellsw
The cergi.n be. een 3020 tm21 and 2833 tm21 is p.pula.ed 
by abs.cp.i.ns acisinrg fc.m C-H s.ce.thinrg vibca.i.ns .f 
alipha.it t.mp.undsw The thanrges in .he in.ensi.y .f .he 
band a. 3015 tm21,  hith ace due .. .he CH s.ce.thinrg m.de 
.f HC5CH rgc.ups, ceflet. .he level .f unsa.uca.i.n in .he 
atyl thains (24)w F.c .he nil..inib sensi.ive tells .he unsa.u-
ca.i.n level .f lipids based .n .he CH5CH/CH2 ca.i. (25) 
 as f.und .. be 0w00517 1/2 0w000595 and f.c .he nil.-
.inib cesis.an. tells .he ca.i.  as 0w01416 1/2 0w000344 
(p , 0w0001)w As seen in Firguce 5 .he in.ensi.y .f .he band a. 
3015 tm21 intceased f.c .he K562/NIL-50 tellsw When n.c-
malized .. .he band a. 2925 tm21, .he in.ensi.y .f .he CH3 
asymme.cit band a. 2959 tm21 and CH3 symme.cit s.ce.th 
band a. 2872 tm21 detceased f.c K562/NIL-50 tells, heceas 
.he in.ensi.y .f .he CH2 symme.cit s.ce.th band a. 2854 tm21 
intceased f.c K562/NIL-50 tellsw In Firguce 4 .he in.ensi.y 
ca.i. .f 2874 tm21 and 2852 tm21 detceased by 3w53% in 
K562/NIL-50 tells (p , 0w001)w The fcequenty .f .he CH3 
asymme.cit s.ce.th band ac.und 2958 tm21 band shif.ed fc.m 
2959w1 1/2 0w065 .. 2958w58 1/2 0w092 tm21 in K562/
NIL-50 tells (p , 0w001)w
1480-1800 cm21 Region
Firguce 6 sh. s .he avecarge FTIR spet.ca .f .he sensi.ive and 
K562/NIL-50 tells in .he 1800-1480 tm21 spet.cal cergi.nw 
The FTIR spet.cum in .his cergi.n cepcesen.s .he  ell-kn. n 
Table II 
The cesul.s .f .he thanrges in .he in.ensi.y ca.i.s .f main bands f.c .he nil..inib sensi.ive and cesis.an. 
K562 tellsw
Band in.ensi.y ca.i.
Funt.i.nal rgc.ups Nil..inib sensi.ive Nil..inib cesis.an. p value
Amid A/Amid I 0w57669 1/2 0w01076 0w54805 1/2 0w0299 p , 0w01
2874 tm21/2852 tm21 0w9248 1/2 0w0026 0w892214 1/2 0w0055 p , 0w005
1030 tm21/1080 tm21 0w3542 1/2 0w0226 0w42851 1/2 0w00307 p , 0w005
1030 tm21 /2926  tm21 0w2326 1/2 0w01358 0w2727 1/2 0w00266 p , 0w005
1080 tm21/Amid II 0w45021 1/2 0w0049 0w4642 1/2 0w00389 p , 0w005
1121 tm21/1020 tm21 2w6142 1/2 0w0995 2w0884 1/2 0w03645 p , 0w005
1121 tm21/Amid II 0w30317 1/2 0w0064 0w31589 1/2 0w00632 p , 0w01
Amid I/Amid II 1w3644 1/2 0w00915 1w3956 1/2 0w02518 p , 0w05
Figure 4: The in.ensi.y-ca.i. values .f .he bands f.c nil..inib sensi.ive and cesis.an. K562 tellsw The values ace .he mean 1/2 s.andacd devia.i.n f.c eath 
rgc.upw
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amide I and amide II bands  hith have t.n.cibu.i.ns fc.m 
diffecen. pc..ein set.ndacy s.cut.ucal elemen.s and .he band 
ten.eced a. 1743 tm21  hith is mainly assirgned .. .he C5O 
es.ec s.ce.thinrg vibca.i.n .f .cirglytecides and th.les.ec.l 
es.ecs (7, 26, 27)w As seen in Firguce 6, .he in.ensi.y and fce-
quenty .f .he C5O es.ec s.ce.thinrg vibca.i.n thanrged sirg-
nifitan.lyw The bands a. 1657 tm21 and 1545 tm21 ace amide I 
and amide II bands .f pc..einsw Amide I and Amide II bands 
ace kn. n .. be sensi.ive .. pc..ein t.nf.cma.i.n (7) and ace 
used .. de.ecmine .he set.ndacy s.cut.uce t.n.en. .f pc..einsw 
Chanrges in .he shapes .f .hese . . bands indita.ed thanrges 
in .he pc..e.mes .f .he nil..inib cesis.an. tellsw In Firguce 4 .he 
ca.i. .f .he in.ensi.ies .f Amide I/Amide II bands intceased 
(16w95%) f.c K562/NIL-50 tells (p 5 0w0193)w The s.cut-
.ucal thanrges in pc..eins  ece evalua.ed fc.m .he in.ensi.ies 
.f .he sub-bands in Amide I set.ndacy deciva.ive spet.ca as 
seen in Firguce 7w The assirgnmen.s .f .he set.ndacy s.cut.ucal 
t.mp.nen.s ace rgiven in Table IIIw The in.ensi.y values .f 
.he band ace pcesen.ed in Table IVw The cesul.s cevealed .ha. 
.he alpha helital s.cut.uce (l.ta.ed a. 1653 tm21) detceased 
slirgh.ly in .he nil..inib cesis.an. tells (p , 0w05)w Similacly, 
cand.m t.il s.cut.uce (l.ta.ed a. 1648 tm21) detceased sirg-
nifitan.ly in .he nil..inib cesis.an. tells (p , 0w001)w H. -
evec .he .ucns (l.ta.ed a. 1674 tm21), .he an.ipacallel be.a 
shee. s.cut.uce (l.ta.ed a. 1694 tm21) intceased sirgnifitan.ly 
(p , 0w001)w The be.a shee. s.cut.uce (l.ta.ed a. 1637 tm21) 
als. intceasedw 
940-1480 cm21 (Fingerprint) Region
Firguces 8A and 8B sh.  .he avecarge FTIR spet.ca .f .he nil.-
.inib sensi.ive and cesis.an. K562 tells in .he 940-1480 tm21 
spet.cal cergi.nw The bands in .his spet.cal cergi.n have t.n.ci-
bu.i.ns fc.m pc..eins, lipids, nutleit atids and tacb.hydca.esw 
The band a. 1452 tm21 is a..cibu.ed .. CH2 bendinrg vibca-
.i.n .f lipids (28, 29)w The band a. 1399 tm21 is a..cibu.ed .. 
COO2 symme.cit s.ce.th .f mainly lipids i.h a small t.n.ci-
bu.i.n fc.m pc..eins (29)w The bands a. 1239 and 1086 tm21 
ace a..cibu.ed .. PO22 asymme.cit and symme.cit s.ce.th .f 
nutleit atids (30, 31)w The band a. 1155 tm21 is a..cibu.ed 
.. C-O s.ce.thinrg .f rglyt.rgen (32)w A n..able intcease in 
.he in.ensi.y .f .his band  as .bsecved in .he K562/NIL-50 
tells as seen in Firguce 7Bw The band a. 970 tm21 is assirgned 
.. C-N1-C s.ce.th .f nutleit atids (33)w In .he analysis .f 
.he band in .his cergi.n .he in.ensi.y ca.i. .f .he 1030 tm21 
and 1080 tm21 bands intceased by 21% in K562/NIL-50 
tells (p , 0w001) as seen in Firguce 4w Similacly, in .he same 
firguce .he in.ensi.y ca.i. .f 1030 tm21 and 2926 tm21 bands 
intceased by 17w24% (p , 0w001); 1080 tm21 and Amide II 
bands intceased by 2w78% (p , 0w001) and 1121 tm21 and 
Amide II bands intceased by 5w18% (p 5 0w008) in K562/
NIL-50 tellsw H. evec, a t.nsidecable detcease (20w11%) in 
.he in.ensi.y ca.i. .f .he 1121 tm21 and 1020 tm21 bands  as 
.bsecved in K562/NIL-50 tells (p , 0w001) as seen in Firguce 4w 
In addi.i.n, .he fcequenty .f .he band ac.und 1453 tm21 
Figure 5: The FT-IR spet.ca .f nil..inib sensi.ive (s.lid line) and cesis.an. 
(d...ed line) tells in .he 3020-2836 tm21 cergi.n (.he spet.ca ece n.cmalized 
 i.h cespet. .. CH2 asymme.cit m.de,  hith is .bsecved a. 2925 tm21)w
Figure 6: The FT-IR spet.ca .f nil..inib sensi.ive (s.lid line) and cesis.an. 
(d...ed line) tells in .he 1800-1480 tm21 cergi.n (.he spet.ca  ece n.cmal-
ized  i.h cespet. .. amide I band,  hith is .bsecved a. 1657 tm21)w
Figure 7: The avecarge set.nd deciva.ive spet.ca .f nil..inib sensi.ive 
(s.lid line) and cesis.an. (d...ed line) K562 tells in 1700-1600 tm21 cergi.nw
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shif.ed fc.m 1452w66 1/2 0w236 .. 1453w95 1/2 0w705 tm21 
in K562/NIL-50 tells as seen in Firguce 7A (p , 0w001)w H. -
evec, in Firguce 8B .he fcequenty .f .he band ac.und 1085 tm21 
band shif.ed fc.m 1086w28 1/2 0w081 .. 1085w35 1/2 
0w042 tm21 in K562/NIL-50 tells (p , 0w001)w 
Discussion
Tacrge.inrg .he .yc.sine kinase at.ivi.y .f BCR-ABL is a 
t.mm.n and a..cat.ive .hecapeu.it s.ca.ergy f.c .he .cea.men. 
.f thc.nit myel.id leukemiaw Nil..inib is a vecy effet.ive 
.yc.sine kinase inhibi..c  hith rgives p.si.ive cesul.s in 
b..h fics. and set.nd line .cea.men. .f CML pa.ien.sw 
Unf.c.una.ely, CML tells tan s.meh.  estape fc.m .he 
ty....xit effet.s .f nil..inib and rgain cesis.ante .. nil..inibw 
This pc.blem is .he maj.c .bs.atle f.c .he suttessful 
.cea.men. .f CMLw The m.letulac methanisms .f mul.idcurg 
cesis.ante in CML  ece sh. n by .uc rgc.up and ..hec 
ceseacthecs (34, 35)w H. evec, thanrges in matc.m.letulac 
levels in  nil..inib cesis.an. CML tells and .he c.les .f .hese 
diffecentes .n nil..inib cesis.ante  ece n.. examined and 
distussed in .he li.eca.ucew In .his s.udy,  e inves.irga.e .he 
thanrges in matc.m.letulac s.cut.uces be. een sensi.ive and 
nil..inib cesis.an. CML tells by usinrg F.uciec Tcansf.cm 
Infcaced Spet.c.st.py and distuss p.ssible .u.t.mesw 
Ovecall, .he s.udy indita.ed .ha. nil..inib cesis.ante indutes 
thanrges in .he m.letulac s.cut.uce .f K562/NIL-50 tells as 
evidented by thanrges in .he in.ensi.y and fcequenty .f .he 
FTIR spet.caw 
In .his s.udy,  a.ec  as cem.ved fc.m .he samples in .he 
sample pcepaca.i.n s.eps usinrg ly.philiza.i.n pc.teducesw 
Al.h.urgh i.  as cep.c.ed .ha. dehydca.i.n tan thanrge .he 
abs.cp.i.n thacat.ecis.its .f tells sirgnifitan.ly, .he s.udies 
 ece attep.able as l.nrg as .he tells  ece al ays dcied (36)w 
In addi.i.n  hen .he t.mpacis.n .f dcurg cesis.ante s.a.es is 
inves.irga.ed dcied sys.ems tan pc.vide t.mpaca.ive spet-
.cal da.a espetially  hen .he hydca.i.n levels .f .he b..h 
s.a.es ace .he samew In .his s.udy sinte  a.ec  as essen.ially 
cem.ved fc.m .he samples,  a.ec’s t.n.cibu.i.n .. Amid A, 
Amid B, Amid I and Amid II bands  as nerglirgiblew F.c .his 
ceas.n, .he 3299 tm21 band tan be t.nsideced .. be due 
.. .nly pc..eins and p.lysatthacidesw The cedut.i.n in .he 
in.ensi.y ca.i.s .f Amid A .. Amid I in .he nil..inib cesis.an. 
tells tann.. be due .. .he ceduted t.n.cibu.i.n .f rglyt.rgen 
sinte a sirgnifitan. intcease  as .bsecved in .he in.ensi.y .f 
.he 1155 tm21 band  hith is mainly assirgned .. .he C-O 
s.ce.thinrg vibca.i.ns in rglyt.rgen (32)w Thecef.ce, .he cedut-
.i.n in .he in.ensi.y .f .hese . . bands t.uld be astcibed .. a 
ceduted t.n.cibu.i.n .f p.lysatthacides in .he cesis.an. tellsw 
Cantec tells ace kn. n .. t.nsume m.ce tacb.hydca.e due 
.. .heic intceased enecrgy expendi.uce  hith is kn. n as .he 
Wacbucrg Effet. (37)w In a similac  ay, MDR cesis.ante is 
hyp..hesized .. cequice m.ce enecrgy f.c .he addi.i.nal .asks 
.f elimina.i.n .f ..xit t.mp.unds and dcurgsw In addi.i.n .he 
t.ndi.i.ns .f hyp.xia ace induted in MDR in s.me tantec 
tell .ypes (38, 39) and rglyt.rgen attumula.i.n is kn. n .. 
.ttuc in hyp.xia (40)w
As seen in Firguce 5, .he in.ensi.y .f .he band a. 3015 tm21 
 hith is due .. CH s.ce.thinrg .f .lefinit HC5CH s.ce.thinrg 
vibca.i.ns indita.es .ha. .he p.pula.i.n .f unsa.uca.ed lipids 
intceased in .he cesis.an. tellsw The intcease in .he in.ensi.y 
.f .his band indita.es a thanrge in ph.sph.lipid me.ab.lismw 
Table III 
The assirgnmen.s .f set.ndacy s.cut.uce sub-bands undec Amide I band in 1700-1600 tm21 
cergi.n f.c nil..inib sensi.ive and cesis.an. K562 tells (15)w
Peak numbec Mean fcequenties (tm21) Assirgnmen.
1 1694 An.i-pacallel be.a shee.
2 1674 Tucns
3 1653 Alpha helix
4 1648 Rand.m C.il
5 1638 Be.a shee.
Table IV 
The cesul.s .f .he thanrges in .he in.ensi.ies .f main pc..ein set.ndacy s.cut.uces f.c nil..inib sensi.ive and cesis.an. K562 tellsw 
Funt.i.nal rgc.ups Sensi.ive Resis.an. p values
Alpha helital s.cut.uce (l.ta.ed a. 1653 tm21) 20w90262 1/2 0w0678 20w8639 1/2 0w02019 p , 0w05
Tucns (l.ta.ed a. 1674 tm21) 20w5834 1/2 0w0273 20w6988 1/2 0w0259 p , 0w001
An.ipacallel be.a shee. s.cut.uce (l.ta.ed a.  
 1694 tm21) 20w6665 1/2 0w0130 20w9566 1/2 0w05984 p , 0w001
Rand.m t.il s.cut.uce (l.ta.ed a. 1648 tm21) 20w9948 1/2 0w0102 20w7486 1/2 0w0448 p , 0w001
Be.a shee. s.cut.uce (l.ta.ed a. 1637 tm21) 20w8757 1/2 0w0195 20w92146 1/2 0w0823 p . 0w05
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In addi.i.n .he intcease in .he .lefinit band may be due .. 
.he attumula.i.n .f end pc.dut.s .f lipid pec.xida.i.n (41)w 
The unsa.uca.i.n level f.c .he cesis.an. tells  as f.und .. be 
2w7389 .imes m.ce .ha. .ha. .f .he nil..inib sensi.ive tellsw 
This t.ntlusi.n is supp.c.ed by .he cesul.s .b.ained fc.m .he 
bands ac.und 1743 tm21w The thanrge in shape and fcequenty 
.f .he band ac.und 1743 tm21 indita.ed .he thanrges in .he 
ca.i. .f .cirglytecides and th.les.ec.l es.ecs and .heic sa.uca-
.i.n s.a.esw In Firguce 6 i. is seen .ha. in K562/NIL-50 tells, 
.he maximum .f .he band shif.s .. hirghec fcequenty values 
and .he in.ensi.y als. intceases a. ac.und 1745 tm21w
In Firguce 4 a detceased CH3 asymme.cit s.ce.thinrg vibca-
.i.n abs.cp.i.n in.ensi.y  as .bsecved in .he cesis.an. tells 
indita.inrg a thanrge in .he t.mp.si.i.n .f .he atyl thains in 
lipids (24)w In addi.i.n, .he fcequenty .f .he CH3 asymme.cit 
s.ce.th band shif.ed fc.m 2959w1 .. 2958w58 tm21 in K562/
NIL-50 tellsw Sinte, .he CH3 asymme.cit s.ce.thinrg m.de 
is t.ccela.ed  i.h .he .cdec .f .he deep in.eci.c .f .he 
membcane, a detcease in .he fcequenty t.ccesp.nds .. detceas-
inrg fceed.m .f .he atyl thain in .he ten.ec .f .he bilayec 
(19)w Thecef.ce .his cesul. indita.es .ha. .he .cdec in .he lipid 
membcane in.eci.c is intceased in .he cesis.an. tellsw In rgen-
ecal plasma membcane .cdec as f.und .. be a. a hirghec level 
 hen t.mpaced  i.h dcurg sensi.ive t.un.ecpac.s (42)w The 
dcurg cesis.an. tells ace kn. n .. have m.ce .cdeced lipid 
d.mains (43)w This may be due .. .he thanrge in .he fa..y atid 
t.mp.si.i.n .f .he plasma membcanew In rgenecal .he .cansp.c. 
.f an.i-tantec dcurgs is taccied .u. by spetial pc..ein pumps 
l.ta.ed in .he tell membcanesw H. evec sinte many .f .hese 
dcurgs ace hydc.ph.bit in na.uce .he .cdec may influente .he 
dicet. .cansp.c. .f .hese dcurgs fc.m tell membcanew Thece-
f.ce i. is diffitul. .. t.ccela.e .he membcane .cdec and dcurg 
cesis.ante in a .ne-..-.ne cela.i.nshipw In addi.i.n .. thanrges 
in .he CH3 asymme.cit s.ce.thinrg m.de, .he in.ensi.y .f .he 
CH2 symme.cit s.ce.thinrg band intceased in .he cesis.an. 
tells indita.inrg an intceasinrg pc.p.c.i.n .f .he CH2 rgc.ups 
in .he cesis.an. tellsw Similacly, .he fcequenty .f .he bendinrg 
vibca.i.n a. 1452 tm21 shif.ed fc.m 1452w66 .. 1453w95 tm21 
in K562/NIL-50 tells indita.inrg thanrges in .he la.ecal patk-
inrg pc.pec.y .f .he me.hylene rgc.ups in .he membcane 
lipids (44)w A pcetise pc..ein-..-lipid ca.i. tan be decived 
by taltula.inrg .he acea ca.i. .f .he CH3 symme.cit s.ce.th-
inrg (2874 tm21) .. .he CH2 symme.cit s.ce.thinrg vibca.i.n 
(2852 tm21) fc.m .he FT-IR spet.ca (7)w The in.ensi.y ca.i. .f 
2874 tm21 and 2852 tm21 as f.und .. detcease by 3w53% in 
K562/NIL-50 tellsw These cesul.s indita.e a small intcease in 
.he lipid t.n.en. .f .he tellulac ma.ecial f.c t.ns.an. pc..ein 
t.n.en. .c vite vecsaw Thece have been t.n.cas.inrg cep.c.s .f 
.he thanrge in .he am.un. .f lipids in dcurg cesis.an. tells (45, 
46)w In .he s.udy (12) .he devel.pmen. .f MDR in K562 tells 
f.c b..h daun.cubitin and d.x.cubitin a detcease in b..h lipid 
and nutleit atid t.np.nen.s  i.h an intcease in .he pc..ein 
t.n.en.  as .bsecvedw H. evec .uc s.udy tleacly indita.es 
an intcease in .he lipid/pc..ein ca.i. indita.i.n a lipida.i.n in 
.he cesis.an. tell linesw The t.n.cas.inrg cesul.s .f .hese s.udies 
indita.e .ha. .he me.ab.lit t.nsequentes .f .he cesis.ante dif-
fecs sirgnifitan.ly  i.h diffecen. dcurgs usedw
Thece  ece thanrges in .he shapes .f .he Amide I and II 
bands as seen in Firguce 6w Sinte Amide I band fcequenty 
and shape is sensi.ive .. pc..ein t.nf.cma.i.n, .his shif.inrg 
and shape thanrges ace a..cibu.ed .. .he thanrges in pc..ein 
t.nf.cma.i.n (47)w The in.ensi.y ca.i. .f Amide I/Amide II 
is an..hec measuce .f pc..ein t.nf.cma.i.nal thanrgesw This 
ca.i.  as f.und .. intcease 16w95% f.c K562/NIL-50 tells 
indita.inrg pc..ein set.ndacy s.cut.ucal thanrgesw In a s.udy 
by Zh.u et alw in HL60 tells .ha. undec en. ap.p..sis, .his 
ca.i.  as als. f.und .. intceasew Al.h.urgh .his ca.i.  as 
astcibed .. .he thanrges in .nly membcane pc..eins, in .his 
s.udy i. destcibes a ...al thanrge in .he pc..e.me and pc.-
.ein s.cut.ucal thanrges .f .ha. pc..e.me (48)w The set.nd-
acy s.cut.ucal analysis usinrg .he set.nd deciva.ive .f Amide I 
Figure 8: The FT-IR spet.ca .f nil..inib sensi.ive (s.lid line) and cesis.an. 
(d...ed line) tells (A) in .he 1480-1430 tm21 cergi.n (.he spet.ca  ece n.c-
malized i.h cespet. .. CH2 bendinrg m.de, hith is .bsecved a. 1452 tm21), 
(B) in .he 1350-930 tm21 cergi.n (.he spet.ca  ece n.cmalized  i.h cespet. 
.. PO22 symme.cit s.ce.thinrg m.de,  hith is .bsecved a. 1086 tm21)w
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band supp.c.ed .hese .bsecva.i.nsw A pc..ein kinase inhibi..c 
tan thanrge .he tellulac me.ab.lism in a vacie.y .f  aysw F.c 
example, as a ..xit t.mp.und a kinase inhibi..c tan ini.ia.e 
End.plasmit Re.itulum s.cess cesp.nse tausinrg expcessi.n 
.f ne  pc..eins (thapec.nes and Hea. Sh.tk Pc..eins) in .he 
tell .. pc..et. .he tellulac pc..eins fc.m dena.uca.i.nw The 
pcesente .f tellulac s.cess t.ndi.i.n tan al.ec rgene expcessi.n 
pc.files sirgnifitan.lyw Thecef.ce .he pc..e.me .f .he sensi.ive 
and cesis.an. tells diffec vecy muth (49)w This diffecen.ia.i.n 
in .he pc..e.me tauses thanrges in .he avecarge set.ndacy 
s.cut.uces .f sensi.ive and cesis.an. tells att.cdinrglyw In a 
s.udy (13) Le Gal (1993) et al. t.nsideced .he effet. .f MDR 
(d.x.cubitin) .n .he Amide I and II bands .f K562 tells and 
.heic s.udy ace pacallel .. .ucs in .ha. e b..h .bsecved a sirg-
nifitan. intcease in .he band ac.und 1690 tm21 (an.ipacallel 
be.a shee.s)w 
The bands a. 1239 tm21, 1086 tm21 and 970 tm21 ace nutleit 
atid bandsw The 1239 tm21 band is due .. asymme.cit ph.s-
pha.e s.ce.thinrg and .he 1086 tm21 band is due .. symme.cit 
ph.spha.e s.ce.thinrg band .f nutleit atids (30, 31)w The band 
a. 970 tm21 is due .. C-N1-C s.ce.thinrg .f nutleit atids (33)w 
The fcequenty .f .he symme.cit s.ce.thinrg band  as shif.ed 
.. l. ec fcequenty values in nil..inib cesis.an. tellsw In addi-
.i.n .he in.ensi.ies .f .he bands a. 1239 and 970 tm21  ece 
l. ec f.c nil..inib cesis.an. tells  hith indita.es thanrges in 
.he cela.ive am.un. .f nutleit atids and s.cut.ucal thanrges 
in nutleac m.cph.l.rgy, .crganiza.i.n, and acthi.et.ucew These 
thanrges intlude al.eca.i.ns in .he nutleac/ty..plasmit ca.i., 
hypecthc.mati.y, thc.ma.in argrgcerga.i.n and thanrges in DNA 
t.ndensa.i.n be. een nil..inib sensi.ive and cesis.an. K562 
tellsw In a s.udy by MtNamaca et alw (2008) cesis.ante .f 
atu.e pc.myel.ty.it leukemia tells .. ce.in.it atid  as 
ass.tia.ed  i.h thanrges in .he expcessi.n level .f ..p.i-
s.mecase II be.a (50)w Similacly mul.i dcurg cesis.ante  as 
linked .. spetifit nutleac m.cph.l.rgital thanrges atquiced in 
.he pc.tess .f selet.i.n by ty....xit dcurgs ca.hec .han P-rgp 
.vecexpcessi.n (51)w
The in.ensi.y ca.i. .f .he 1086 tm21 band  hith is due .. 
symme.cit ph.spha.e s.ce.thinrg .f nutleit atids and .he 
Amide II band a. 1545 tm21 is used .. es.ima.e DNA/pc..ein 
ca.i. in .he tellulac sys.ems inves.irga.ed (52)w In .his s.udy .he 
in.ensi.y ca.i. .f 1080 tm21 and Amide II bands intceased by 
2w78% in K562/NIL-50 tells indita.inrg a small intcease in .he 
DNA .vec pc..ein am.un.w Similac intceases in .his ca.i. ece 
.bsecved in diffecen.ia.ed and ap.p...it tells (49)w Benede..i 
et al. (1988) and Gairgneaux et al. (2002) f.und a similac .cend 
.f intcease in DNA/pc..ein t.n.en. in thc.nit lympha.it 
leukemia tells ducinrg tellulac diffecen.ia.i.n (12, 53)w 
Glut.se/ph.spha.e is a celiable measuce f.c me.ab.lit .ucn-
.vec .f .he tells (54) and i. is indita.ed by .he in.ensi.y 
ca.i. .f .he 1030 tm21 and 1086 tm21 bandsw The rglut.se/
ph.spha.e ca.i.  as f.und .. intcease by 21% in K562/
NIL-50 tellsw In eacliec s.udies, .he ph.spha.e level  as 
hirghec f.c n.cmal tells and tacb.hydca.e levels als. sh. ed 
a t.ccesp.ndinrg intcease in H-cas .cansfet.ed malirgnan. 
tells (54)w Similacly, .he in.ensi.y ca.i. .f 1030 tm21 and 
2926 tm21 bands  as f.und .. intcease by 17w24% in K562/
NIL-50 tellsw This ca.i. is indita.ive .f .he ca.i. .f rglut.se/
ph.sph.lipids and is a measuce .f de n.v. syn.hesis .f ph.s-
ph.lipids a. .he expense .f fcee rglut.se in .he tell (54)w This 
ca.i.  as f.und .. be lacrgec f.c n.cmal tells as t.mpaced .. 
.h.se .cansf.cmed by H-casw The ph.sph.lipid m.letules and 
.heic me.ab.li.es ace believed .. pac.itipa.e in .he .nt.rgene-
induted .cansf.cma.i.n pc.tesses (55)w Similacly, i.  as 
cep.c.ed .ha. all ph.sph.lipid fcat.i.ns  ece ceduted in ras-
.cansfet.ed fibc.blas.s extep. ph.sph..idyle.han.lamine (56)w 
These cesul.s .ha. ph.spha.e t.n.en. is hirghec in n.cmal tells 
.han in .he ras .cansfet.ed tell lines ace in argceemen. i.h .uc 
cesul.s f.c nil..inib cesis.an. K562 tellsw In a s.udy by Gazi 
et alw .he in.ensi.y ca.i. .f .he 1030 tm21 and 1086 tm21 bands 
 as in.ecpce.ed as rglyt.rgen-..-ph.spha.e ca.i. and pc.p.sed 
as a mackec f.c tantec .. dis.inrguish benirgn and malirgnan. 
pc.s.a.e tantec and .hey t.ntluded .ha. .he ca.i. detceased 
in malirgnan. .issue (57)w Theic findinrgs indita.e a tl.se t.n-
net.i.n be. een tacb.hydca.e and lipid me.ab.lisms in .he 
devel.pmen. .f malirgnan. tantec tells and .he subjet. sh.uld 
be inves.irga.ed me.ab.litallyw
A sirgnifitan. detcease (20w11%) in .he in.ensi.y ca.i. .f .he 
1121 tm21 and 1020 tm21 bands  as .bsecved in K562/NIL-50 
tellsw This ca.i. is .f.en used as an index .f tellulac RNA/DNA 
ca.i. and is f.und .. intcease fc.m n.cmal .. malirgnan. tells 
(54)w In .his s.udy, .his ca.i.  as f.und .. detcease as .pp.sed 
.. .he malirgnan. .cansf.cma.i.n indita.inrg .he diffecen. bi.-
themital na.uces .f cesis.ante f.cma.i.n and malirgnan. .cans-
f.cma.i.nw I. is als. in.eces.inrg .. n..e .ha. .hece as a nerga.ive 
t.ccela.i.n be. een .he RNA/DNA and rglut.se/ph.spha.e 
ca.i.sw This is t.nsideced .. be a rg..d indita..c .. iden.ify 
.he .cansf.cminrg s.a.us .f .he tellsw This tan als. be applied 
.. .issues in .he diargn.sis .f vaci.us .ypes .f malirgnanty in 
diffecen.ia.inrg n.cmal and tantec.us tellsw
The in.ensi.y ca.i. .f .he band a. 1121 tm21 and Amide II 
bands intceased by 5w18% in K562/NIL-50 tellsw This ca.i. 
rgives an idea ab.u. .he .canstcip.i.nal s.a.us .f .he tellw In 
H-cas .cansfet.ed tells, hirgh vacia.i.n .f .his ca.i. f.c cas-
.cansfet.ed malirgnan. tells cemained unces.lved (54)w The 
cesul.s indita.e .ha. .he .canstcip.i.nal s.a.us .f .he K562/
NIL-50 tells intceasesw 
In tantec .hecapy a numbec .f diffecen. dcurgs ace in usew 
Sinte many .f .hem have been kn. n .. caise dcurg cesis.ante 
phen.mena, a de.ailed analysis .f .he t.mpaca.ive effet.s 
.f .hese dcurgs in .he same tell lines sh.uld be taccied .u. 
usinrg FT-IR .ethniquew In addi.i.n sinte .he na.uce .f eath 
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.ype .f tantec may be diffecen. betause .f .heic diffecen. tell 
.ypes and tausa.ive argen., i. may be diffitul. .. make rgenec-
aliza.i.ns ab.u. .he na.uce .f me.ab.lit diffecentes be. een 
cesis.ante behavi.csw Similacly, diffecen. methanisms tause 
dcurg cesis.ante in tantec tellsw Thecef.ce t.mpcehensive 
m.letulac and spet.c.st.pit s.udies sh.uld be taccied .u. .. 
make rgenecaliza.i.ns ab.u. .he .nse. and pc.rgcess .f tantec 
and cesis.ante behavi.c .f tantec tells argains. .hese dcurgsw 
Finally, sinte  .he .nly expecimen.al me.h.d .. inves.irga.e .he 
me.ab.lit ca.e da.a is .he FTIR .ethnique hece, ..hec expeci-
men.al me.h.ds sh.uld be used .. t.ccela.e .he cesul.sw 
Conclusion
The cesul.s .f .he pcesen. s.udy indita.e .ha. .he indut-
.i.n .f nil..inib cesis.ante in K562 tells taused sirgnifitan. 
al.eca.i.ns in tellulac s.cut.ucew The t.n.en. .f rglyt.rgen  as 
f.und .. intcease in .he K562/NIL-50 tells as t.mpaced .. 
pacen.al tellsw The am.un. .f unsa.uca.ed lipids intceased in 
.he nil..inib cesis.an. tells indita.inrg lipid pec.xida.i.nw In 
addi.i.n, lipid membcane .cdec  as f.und .. intcease in .he 
K562/NIL-50 tellsw Al.h.urgh .he ...al pc.p.c.i.n .f th.les-
.ec.l and .cirglytecides .. pc..ein did n.. thanrge sirgnifitan.ly, 
nil..inib cesis.ante taused sirgnifitan. thanrges in .he th.les-
.ec.l and .cirglytecide pc.p.c.i.ns in .he tellulac s.cut.uces 
indita.inrg p.ssible thanrges in neu.cal lipid and lipid dc.ple. 
me.ab.lism as ell as ph.sph.lipid me.ab.lism hith affet. 
tell membcane s.cut.ucew The cela.ive t.n.en. .f nutleit atids 
did n.. thanrge sirgnifitan.ly  i.h cespet. .. pc..ein t.n.en. 
bu. s.cut.ucal/.crganiza.i.nal thanrges in .he nutleus ece evi-
den. as cevealed by fcequenty thanrges in .he nutleit atid 
bandsw Chanrges in .he amide bands cevealed thanrges in .he 
pc..e.me .f .he cesis.an. tellsw The alpha helix s.cut.uce 
and cand.m t.il s.cut.uce detceased, h. evec, an.i-pacallel 
be.a shee. s.cut.uce, be.a shee. s.cut.uce and .ucns s.cut.uce 
intceasedw The .canstcip.i.nal s.a.us .f DNA  as f.und .. 
detcease al.nrg  i.h hirghec me.ab.lit .ucn-.vec in .he cesis-
.an. tellsw The cesul.s .f .he pcesen. s.udy als. cevealed .ha. 
FT-IR spet.c.st.py has .he p..en.ial .. be used as an analy.i-
tal me.h.d .f de.et.inrg and m.ni..cinrg s.cut.ucal and funt-
.i.nal thanrges in CMLw
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